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In recent years, with the further development of neural science, signal processing, 
computer science and other fields, as the subject of interdisciplinary, brain computer 
interface is in its rapid development, and now has become a hot area of the current 
international scientific research. Brain-computer interface is a kind system of different 
from normal channel between one brain and body muscle tissue, but by parsing brain 
activity information to communicate with external equipment control system of 
communication. However brain electrical signals with the features of weak amplitude, 
non-stationary and noise, often leads to the complexity of the signal feature extraction 
and pattern classification and the difficulty of building asynchronous brain-computer 
interface system. This paper has designed classification and feature extraction method 
for the brain-computer interface two and four classification problems,and then built a 
set of asynchronous brain control intelligent car system. 
This article attempts from the analysis of the current feature extraction and 
pattern classification algorithms adaptability of EEG signals, combined with 
optimization of brain electrical signal preprocessing, build a set of feature extraction 
and pattern classification algorithm. First, the traditional common spatial pattern (CSP) 
calculation process lacks of frequency domain information, and also has nothing to do 
a lot of frequency signal mixed in among them, which has the serious influence on the 
effectiveness of the feature vector. This article combines the tensor decomposition 
method, which can keep the correlation between the multidimensional data and each 
dimension data information, time domain airspace frequency domain such as 
multimodal information. At the same time, according to the features of the extracted 
after respectively using the linear discriminant model (LDA), support vector machine 
(SVM) and integrated classifier carries on the analysis comparison. Secondly, in the 















experiments, this paper adopted the sub-band power and the method of time domain 
coefficient, using the data from the 4th BCI competition . Linear Discriminant 
Analysis(LDA) and Support Vector Machine (SVM) were used respectively to two 
kinds of classifier, and the training focused on testing different characteristic 
parameters, selection of the optimal parameter application for the test set. 
Through the binary classification algorithm validation in brain-machine interface, 
shows that the average accuracy for all participants to higher than traditional methods. 
In four classification algorithms to verify, results showed that in different subjects in 
the data achieved good classification effect. Based on Emotive and design a set of 
online brain control the smart car system based on motion imagine. And based on 
Emotive EPOC , a set of online soccer shot brain computer interface system is 
designed.The program and its extention could have good prospects and value in the 
household entertainment,medical rehabilitation and so on. 
















摘要 .............................................................................................. I 
Abstract .................................................................................... III 
目 录 ...........................................................................................V 
Content .................................................................................... VII 
第 1章 绪论................................................................................ 1 
1.1研究背景与意义 ..................................................................................... 1 
1.2脑机接口概述.......................................................................................... 3 
1.2.1 脑机接口系统组成....................................................................... 3 
1.2.2 脑电信号生理基础....................................................................... 4 
1.3国内外研究现状 ..................................................................................... 8 
1.4论文的主要工作及章节安排 ............................................................... 11 
第 2章 基于运动想象的脑机接口系统设计 ............................. 13 
2.1概述........................................................................................................ 13 
2.2运动想象实验范式 ............................................................................... 13 
2.2.1 离线左右手运动想象实验范式................................................. 13 
2.2.2 在线左右手运动想象实验范式................................................. 14 
2.3脑电信号预处理 ................................................................................... 16 
2.4特征提取理论分析 ............................................................................... 17 
2.5脑机接口的评价标准 ........................................................................... 24 
2.6交叉验证法............................................................................................ 24 
2.7本章小节................................................................................................ 25 
第 3章 基于运动想象脑机接口特征提取与分类算法研究 ...... 27 
3.1概述........................................................................................................ 27 















3.2.1 张量分解与共同空间模式......................................................... 27 
3.2.2 子带能量..................................................................................... 30 
3.2.3 时域参数..................................................................................... 31 
3.3分类方法研究........................................................................................ 32 
3.4基于运动想象的二分类脑机接口实验仿真 ....................................... 35 
3.4.1 张量分解与共同空间模式特征提取......................................... 35 
3.4.1 仿真结果分析............................................................................. 37 
3.5基于运动想象的四分类脑机接口实验仿真 ....................................... 39 
3.5.1 子带能量特征提取与参数选择................................................. 40 
3.5.2 时域参数特征提取与参数选择................................................. 43 
3.5.3 仿真结果分析............................................................................. 45 
3.6本章小节................................................................................................ 47 
第 4章 在线脑机接口系统应用设计 ........................................ 49 
4.1概述........................................................................................................ 49 
4.2实验平台介绍........................................................................................ 49 
4.3基于运动想象在线足球射门脑机接口系统设计 ............................... 50 
4.3.1 在线足球射门脑机接口系统设计框架..................................... 50 
4.3.2 脑电信号处理电脑平台............................................................. 52 
4.3.3 在线足球射门脑机接口系统验证............................................. 56 
4.4本章小节................................................................................................ 65 
第 5章 总结与展望 .................................................................. 67 
5.1工作总结................................................................................................ 67 
5.2未来工作展望........................................................................................ 68 
参考文献 ................................................................................... 69 
致谢 ........................................................................................... 75 
















Abstract In Chinese ..................................................................... I 
Abstract In English ................................................................... III 
Content In Chinese .....................................................................V 
Content In English ................................................................... VII 
Chapter 1 Preface ....................................................................... 1 
1.1Research Background And Significant ................................................. 1 
1.2Overview Of BCI System ....................................................................... 3 
1.2.1Composetion Of BCI System......................................................... 3 
1.2.2Physiology Of EEG........................................................................ 4 
1.3Reasearch Status At Home And Abroad ............................................... 8 
1.4Objectives And Content Arrangement Of This Paper....................... 11 
Chapter 2 Design Of BCI System Based On Motor Imagery.... 13 
2.1Overview ................................................................................................ 13 
2.2Experimental Paradigm Of BCI System............................................. 13 
2.2.1Offline Experimental Paradigm Of BCI System.......................... 13 
2.2.2Online Experimental Paradigm Of BCI System .......................... 14 
2.3EEG Preprocessing ............................................................................... 16 
2.4Feature Extraction ................................................................................ 17 
2.5Assessment Criteria Of BCI................................................................. 24 
2.6Cross-validation Method ...................................................................... 24 
2.7Summary................................................................................................ 25 
Chapter 3 Stady On Feature Extraction And Classification ..... 27 
3.1Overview ................................................................................................ 27 
3.2Stady Of Feature Extraction ................................................................ 27 















3.2.2Sub-band Power Feature Extraction ............................................ 30 
3.2.3Time Domain Coefficient Feature Extraction .............................. 31 
3.3Stady Of Classification Method ........................................................... 32 
3.4 Stady Of Two Classification BCI System ........................................... 35 
3.4.1Tensor And CSP Feature Extraction ............................................ 35 
3.4.2Experiments And Results Analysis .............................................. 37 
3.5Stady Of Four Classification BCI System........................................... 39 
3.4.1Sub-band Power Feature Extraction ............................................ 40 
3.4.2Time Domain Coefficient Feature Extraction .............................. 43 
3.4.3Experiments And Results Analysis .............................................. 45 
3.6Summary................................................................................................ 47 
Chapter 4 Design Of Online BCI System .................................. 49 
4.1Overview ................................................................................................ 49 
4.2Description Of Experiments Platform ................................................ 49 
4.3Online Football BCI System Based On Motor Imagery.................... 50 
4.3.1BCI Overall Design Framework .................................................. 50 
4.3.2EEG Processing Plaform.............................................................. 52 
4.3.3Online Fooball Shoot BCI System............................................... 56 
4.4Summary................................................................................................ 65 
Chapter 5 Summary And Outlook ............................................ 67 
5.1Summary................................................................................................ 67 
5.2Outlook................................................................................................... 68 
References ................................................................................. 69 
Acknowledgements ................................................................... 75 














第 1 章 绪论 
 
1 
第 1章 绪论 
1.1研究背景与意义 















































































Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
